1. We studied the population dynamics of 0+ fish in a eutrophic gravel pit lake in which predation of 0+ Eurasian perch on other 0+ fish was suspected to influence perch growth and the structure of the fish community, with effects on the lake food web. 2. The adult fish community was dominated by piscivorous species, especially perch, and the 0+ fish community was dominated by perch and bream. Bream grew to a total length of 80 mm between May and the end of August, gradually decreased in numbers during the summer, and completely disappeared in autumn. Stomach analysis revealed that 0+ perch ‡28 mm fed on 0+ bream. 3. The initially unimodal cohort of 0+ perch gradually broadened and became bimodal by the end of July. Fish of the larger, piscivorous cohort grew faster (1.4 mm day )1 ) than the smaller, zooplankton-consuming fish (0.6 mm day )1 ). Although individuals of both cohorts later consumed zooplankton and grew at similar rates (0.5 mm day )1 ), only perch of the large cohort (mean TL 125 mm) were found by mid-October. Intraspecific competition for food or cannibalism of older perch may have contributed to the disappearance of the smaller perch. 4. Early piscivory of the fast-growing 0+ perch apparently resulted in the disappearance of 0+ bream by the end of the growing season and precocious maturation of male perch. In contrast to findings in other studies, these large 0+ perch thus avoided the juvenile bottleneck by switching to piscivory early during their ontogenetic development. 5. The observations of this study suggest that early piscivory of 0+ perch can have a longlasting impact on fish communities in eutrophic lakes, particularly if prey fish are abundant and the structural complexity of the lake is low. Furthermore, early piscivory of 0+ perch may help prevent the expected increase in 0+ cyprinids following reduction of adult cyprinids, which is considered important to ensure the long-term success of biomanipulation experiments.
Introduction
The growth of fish in their first year of life is an important factor regulating competitive interactions within fish communities (Byströ m & Garcia-Berthou, 1999 ) and the recruitment of adults (Werner & Gilliam, 1984) . Fish growth is dependent on temperature (Melard, Kestemont & Grignard, 1996) , food level (Fontaine et al., 1997) , the extent of competitive interactions (Persson & Greenberg, 1990a,b) and cannibalism (Persson, Byströ m & Wahlströ m, 2000) and can vary greatly between and within year classes. Survival of young fish can depend on their size being large enough to (1) escape predation (Post & Prankevicius, 1987) , (2) ensure high recruitment success because of early maturation (Houthuijzen, Backx & Buijse, 1993) and (3) minimise winter mortality rate owing to large lipid reserves (Thompson et al., 1991) and a low massspecific metabolism (Oliver, Holeton & Chus, 1979) .
Most studies of biotic interactions between 0+ perch (Perca fluviatilis L.) and cyprinid fish in freshwaters have focused on interspecific competition for zooplankton and macroinvertebrates, reflecting the fact that these invertebrates are the main food sources of perch in their first year of life, although older perch may switch to piscivory (Post & McQueen, 1988; Persson, 1990; Persson & Greenberg, 1990b; Byströ m, Persson & Wahlströ m, 1998) . However, piscivorous 0+ perch have been found in a variety of water bodies (Clemens, Dymond & Bigelow, 1924; Smyly, 1952; Mehner et al., 1996) , and a difference of 24 h in the hatching of 0+ perch in laboratory experiments produced a bimodal size distribution with an intracohort variation large enough to create the potential for intense cannibalism (Brabrand, 1995) .
Growth of 0+ fish increases significantly when fish switch from feeding on zooplankton or benthic invertebrates to piscivory (Buijse & Houthuijzen, 1992; Borcherding, Maw & Tauber, 2000) , although growth also depends on conditions such as prey type (Werner & Gilliam, 1984) , prey size (Jackson, Willis & Fielder, 1992) , prey density (Mathias & Li, 1982) , or a combination of these factors (Mittelbach, 1981; Stahl & Stein, 1994) . Moreover, the summer growth potential of piscivores is primarily influenced by the timing of the diet switch (DeAngelis & Coutant, 1982; Werner & Gilliam, 1984) , which depends mainly on the spawning times of both predator and prey species, because the gape-limited 0+ fish must be at least 50% larger than their prey (Brabrand, 1995; P. Beeck & J. Borcherding, pers. obs.) .
In eutrophic gravel pit lakes along the lower Rhine River in Germany and the Netherlands, the adult fish communities consist mainly of cyprinid species, especially bream (Abramis brama L.), and the main piscivore is perch (e.g. Zoetemeyer & Van der Spiegel, 1997) . In one of these lakes, Lake Speldrop, which may serve as an example for a gravel pit lake in the floodplain of the Rhine and other large rivers, the cyprinids reproduce every year and large numbers of 0+ bream are observed in the littoral zone of the lake. However, no 0+ cyprinids are usually found at the end of the summer (P. Beeck, pers. obs.), indicating that mortality during the summer is exceedingly high.
We hypothesised, that piscivorous 0+ perch might be one factor causing the high mortality of 0+ cyprinids. To shed light on this hypothesis, we followed the size distribution of 0+ perch, their food and growth during the summer, and the timing of sexual maturity, and we assessed to what extent the development of piscivorous 0+ perch may affect the structure of the fish community in a eutrophic gravel pit lake, with implications for lake food-web structure.
Materials and methods

Study site
Lake Speldrop is a gravel pit lake between Emmerich and Rees on the lower River Rhine (Germany), where mining stopped about 35 years ago. The lake has an area of 7 ha and a maximum depth of 16 m. Apart from gentle slopes in a small bay, the slopes of the banks are 30-45°. The substratum of the bank is dominated by sand, gravel and building rubble, and submersed vegetation is virtually absent. Lake Speldrop is highly eutrophic, with chlorophyll-a concentrations of 20-50 lg L )1 in the summer (G. Heinze, University of Cologne, Germany; personal communication). In 1999, summer stratification began in the middle of April, and by the beginning of June an anoxic hypolimnion had formed at about 5-m depth. The mean epilimnetic water temperature in Lake Speldrop ranged from 11.2 to 23.2°C between April and September 1999 (Fig. 1a) , with the highest values at the beginning of August. Secchi depth varied between 1.1 and 8 m with the minimum reached at the end of June (Fig. 1a) . With a mean of 4.4 m between the end of April and the beginning of September, Secchi depth was high compared with most shallow eutrophic lakes (Jeppesen, 1998) . Clear water (Secchi depth >5 m) was observed at the end of May and July, and in the beginning of September.
Zooplankton
Zooplankton was sampled with a 25-L SchindlerPatalas trap in 1, 5, 9 and 13 m depth (three replicates per depth) every second week during both day and night between 20 April and 6 September 1999. All samples were passed through a 49 lm net and preserved in sucrose-formalin (Haney & Hall, 1973) . Samples were diluted in 250 mL of water and 10 mL subsamples were analysed under a dissecting microscope or an inverted microscope. The lengths of at least 30 individuals of the abundant species were measured and converted to biomass using lengthweight regressions of Bottrell et al. (1976) and Mehner, Schultz & Herbst (1995) .
Fish community
The density of larval bream (Abramis brama L.) in the littoral zone was estimated by electrofishing according to a modified point abundance sampling (PAS) method (Persat & Copp, 1989) . We used portable electrofishing equipment (DEKA 3000 Lord, DEKAGerätebau, Marsberg, Germany) with a small ring anode (10 cm in diameter). At least 50 sampling points were randomly selected. Sampling points were approached by boat as silently as possible from the pelagic zone of the lake and electrofishing was performed from the front of the boat. The ring anode was rapidly immersed at 0.5-1.5 m depth and activated for 10 s while the boat was moving towards the shoreline at a velocity of >0. . The length-frequency distribution of the catch was corrected for gillnet selectivity according to Holt (1963) . In addition, 0+ perch were caught with a beach seine in June 1999. 0+ fish were preserved in 4% formaldehyde.
All fish were measured to the nearest 1 mm (total length ¼ TL) and weighed (wet body mass) to the nearest 0.01 g. Age was determined from the opercular bones, otholiths and scales. Growth rates (GR) were calculated as
where, TL 1 and TL 0 are the average total lengths in millimetres of all 0+ perch (or of all perch of a given cohort) of two consecutive gill-net samples and t is the elapsed time in days between the two sampling dates. The length-frequency distribution was determined using software developed by Brinkman (1993) to determine distinct cohorts in mussel populations. The software searches for cohorts in a given length- Early piscivory by 0+ Eurasian perch 2361 frequency distribution, calculates the mean and standard deviation of each cohort, and tests whether the observed differences are statistically significant. Maturity of 0+ perch was determined from individuals of the gill-net catch of the samples taken on 14 October 1999.
Diet composition and selectivity
Samples for stomach analysis of 0+ perch were taken from the beach seine and gill-net samples between June and September 1999. Stomach contents were identified to species or genus level for abundant prey organisms and at least 10 randomly chosen prey of each category were measured to the nearest 0.01 mm, if available. Biomasses were calculated using the length-weight regressions of Bottrell et al. (1976) and Mehner et al. (1995) . Relative stomach fullness of different prey categories (SFP) was calculated according to the equation SFP ð%Þ ¼ 100 Á estimated biomass of prey category wet body mass
Prey selectivity was estimated using Jacobs' (1974) coefficient of selectivity (D) with
where D i is the coefficient of selectivity for prey type i, r i is the proportion of items of prey type i in the predator's diet, and p i is the proportion of prey type i in the environment. Index values range from )1 to +1, with positive values indicating preference and negative values indicating avoidance or inaccessibility. Values of D i were calculated for the averaged proportions of the stomach contents. For zooplankton, p i values were calculated from the averaged day ⁄ night zooplankton samples taken at 1 and 5-m depth, and for 0 + bream from the abundance estimated by the modified PAS method. Zooplankton and fish were sampled separately, but the time span between the sampling occasions never exceeded 6 days. Statistical analysis was performed using SPSS (version 9.01, SPSS Inc., Cary, NC, USA).
Laboratory studies
0+ perch (TL of 64.8 ± 2 mm; mean ± SD) were taken from a stock held at 20 ± 1°C in the laboratory and fed with Daphnia magna Strauss and small copepods from a laboratory culture. The fish stock was obtained from Lake Speldrop with a beach seine on 1 June 1999. On 24 August 1999, five perch were each transferred to individual 10-L flow-through aquaria maintained at 20 ± 1°C, a 16 : 8 h light : dark cycle with a light intensity of 1000 lux above the surface during the day. No food was added during an acclimatisation period of 24 h. To determine the maximum growth rate of piscivorous 0+ perch, sunbleak [Leucaspius delineatus (Heckel)] larvae (23.3 ± 2.4 mm TL) from an oxbow lake of the Rhine were added every 12 h to a maximum of 10 fish per aquarium. The experiment was terminated on 6 September 1999, when the total length of the perch was determined and GR was calculated as above.
Results
Zooplankton
The species diversity of the zooplankton community of Lake Speldrop was low with only a few dominant species (Fig. 1b) . Between April and July, D. pulicaria Forbes was the dominant species; copepods (Eudiaptomus gracilis Sars and Thermocyclops euthonoides Sars) and other cladocerans (D. magna) were rare. In the middle of May, the biomass of D. pulicaria (Fig. 1c) .
Fish community
The adult fish community of Lake Speldrop in 1999 was dominated by piscivorous species in terms of both biomass and abundance. As much as 91% of the fish caught were piscivorous with a dominance of perch (83%), pike (Esox lucius L.) and zander (Sander lucioperca L.). Perch also dominated the fish community in terms of biomass (52%). The ratio of piscivorous to nonpiscivorous species was about 2 : 1. Large and old bream constituted the main part of the nonpiscivorous fish biomass (33%), whereas roach (Rutilus rutilus L.) played only a minor role (1%). These results are supported by the results of trap-net fishing in 1998, where piscivorous species made up 70% of the total catch. In contrast to the catches of 1999, tench (Tinca tinca L.) and eel (Anguilla anguilla L.) contributed appreciably to the adult fish community in 1998. Reproduction of the fish community was rather limited in 1999, as only 0+ perch, bream and a few pike, zander and tench were found in Lake Speldrop. Spawning of bream was first observed on 29 April 1999. Eggs were found in large numbers in the littoral zone of the lake and started to hatch on 3 May 1999. The density of bream larvae estimated with the PAS method decreased from an average of 130 individuals per sampling point on 11 May to 20 individuals on 8 June (Fig. 2a) . By the beginning of July, only four individuals per sampling point were caught on average. For the rest of the sampling period we used the CPUE data of the gill-net catches to follow the abundance of 0+ bream. The CPUE was 218 on 19 and 20 July but dropped to 13 by 1 and 3 September. No 0+ bream were found in the gill-net catches of 13 and 14 October. The total length of 0+ bream caught in 1999 increased from 10 ± 1 mm TL on 17 May to 82 ± 5 mm by the beginning of September (Fig. 2b) .
Perch in the 0+ age class were first caught with a beach seine in the littoral zone on 1 June 1999. After this date, 0+ perch were regularly caught with gill nets in the littoral zone, with a total catch of 2061 individuals. The total length of 0+ perch increased from 59 ± 5 to 125 ± 9 mm and the wet mass from 2.6 ± 0.6 to 22.8 ± 6.4 g between 24 and 26 June and 13 and 14 October ( Table 1) .
The length-frequency distribution of 0+ perch changed considerably throughout the year (Fig. 3) . Until the end of June, the unimodal size distribution broadened and the fish of this cohort showed a very high GR of 1.2-1.4 mm TL day )1
. Between 24 June and 20 July, the size distribution of 0+ perch became bimodal (Fig. 3) . Consequently, we calculated separate GRs for the two cohorts with a fast-growing (1.4 mm TL day )1 ) and a slow-growing cohort (0.6 mm TL day )1 ). Between July and the beginning of September, the two cohorts were growing at similar rates of about 0.5 mm TL day , but by September the cohorts had separated significantly into cohorts with either small (85-104 mm TL) or large (105-136 mm TL) perch (t ¼ 42.1, P < 0.0001). On 13 and 14 October, only individuals of the larger cohort were found in the Early piscivory by 0+ Eurasian perch 2363 gill-net catches, with the exception of one smaller 0+ perch of 97 mm TL. The cohort of large perch had a mean GR of 0.2 mm TL day )1 between September and October.
Diet composition and selectivity
The stomach contents of 261 perch in the 0+ age class (27-127 mm TL) were examined. Empty stomachs were found in varying frequencies between June and September ( Table 2 ). The frequency of empty stomachs was higher in the morning catches than in the evening catches in June and July, and reached its highest level of 58% on the morning of 26 June. No difference in the frequency of empty stomachs was observed between the two cohorts in July, after the bimodal size distribution had developed. However, in September, the frequency of empty stomachs had more than doubled for the small perch. On 1 June, the diet was dominated by bream (54%) and Chaoborus larvae (32%; Fig. 4 ). Daphnia pulicaria represented only a small portion of the prey biomass (14%), corresponding to a positive selectivity index for fish (+0.85) and Chaoborus (+0.97) and a negative index for D. pulicaria ()0.89; Fig. 5 ). The piscivory of 0+ perch paralleled a drop in the numbers of Chaoborus and D. pulicaria in the lake, from 2.3 to 0.5 mg L )1 and from 8.4 to 2.8 mg L )1 , respectively (Fig. 1) . On 11 June, stomach contents were still dominated by bream larvae (43%), but the proportion ) between successive sampling dates. of D. pulicaria had increased to about 41% (Fig. 4) and was the only positively selected prey item (+0.35). The proportion of Chaoborus decreased to 13% and other small insect larvae (e.g. Ephemeroptera) and T. euthonoides (3%) were eaten as well. On 23 and 24 June, the diet composition was markedly different in that 0+ perch had fed nearly exclusively on D. pulicaria (94-100%) with a highly positive selection (+0.83 to +1). This sudden decline in piscivory was not related to the availability of zooplankton or prey fish, because only slight changes in these parameters occurred at that time (Figs 1b  and 2) .
On 26 June, fish prey was found in the stomachs again (36%), although the selection coefficient was slightly negative. Daphnia pulicaria (36%) and Chaoborus (26%) were also important prey organisms and were positively selected.
The greatest proportion of fish prey in the stomachs of 0+ perch was found on 19 July, when bream larvae composed 60% of the prey biomass. By this time, the length-frequency distribution of 0+ perch had broadened. Consequently, we assigned the fish to two size classes. Small perch fed exclusively on D. pulicaria, whereas the prey biomass of the large perch was dominated by bream larvae (71%; Fig. 6 ). The selectivity index showed a general negative selection for Chaoborus and a positive selection for D. pulicaria in both cohorts. In contrast, the cohort of larger perch showed a positive selection for fish (+0.16 to +0.31), whereas the cohort of smaller perch never preyed on fish (selectivity index ¼ )1). Differences in diet between small and large perch in July was also reflected in the index of stomach fullness for the different prey categories (SFP). The statistical analysis revealed no significant difference for the prey categories Chaoborus and D. pulicaria (Mann-Whitney U-test: P > 0.2, n ¼ 92) between small and large perch. However, large perch had eaten significantly more fish than small perch (Mann-Whitney U-test: P < 0.001; n ¼ 92).
In the gill-net catch of 1 September, only slight differences were observed between large and small 0+ perch. Daphnia galeata was the main prey, and some copepods, Chaoborus and chironomids were also ingested. The selectivity index showed positive values for D. galeata and negative values for Chaoborus. The index of stomach fullness revealed no significant differences between the two cohorts for D. galeata and the prey category 'others', which includes copepods, insect larvae, Asellus aquaticus L., and Corixidae (Fig. 6 ) (Mann-Whitney U-test: P > 0.1, n ¼ 13). 
Maturity
At the end of the growing season on 14 October 1999, all male 0+ perch were mature with well-developed gonads. The gonads of the 0+ females were only slightly developed and their wet weight was always <0.1 g. It is unlikely that these females participated in the next spawning season; they were thus categorised as immature fish (Persson, 1990) . No significant difference was observed in the total length of the male (127 ± 9 mm TL; all mature) or female perch (125 ± 9 mm TL; all immature) or fish with no detectable sex (120 ± 4 mm TL) (Kruskal-Wallis test:
Growth in the laboratory
In the laboratory, 0+ perch increased their TL by 1.5 ± 0.2 mm day )1 over a period of 12 days and reached a mean length of 83 ± 2 mm. Each perch consumed an average of 13 sunbleak larvae per day during this period, with a maximum of 19 sunbleak larvae per day at the end of the experimental period.
Discussion
The dominance of piscivorous species, particularly perch, in Lake Speldrop is unusual, as adult fish communities in eutrophic lakes in Europe tend to be dominated by cyprinids (Persson et al., 1988; Zoetemeyer & Van der Spiegel, 1997; Jeppesen, 1998) . As discussed by Persson et al. (1988) , 0+ perch in eutrophic lakes are forced to feed on zoobenthos rather than zooplankton because of interspecific competition with cyprinids such as roach. Roach have a competitive advantage, because they can exploit zooplankton at low concentrations more effectively than perch and can also use additional food sources such as detritus and blue-green algae (Persson & Greenberg, 1990b) . The 0+ perch feeding on macrozoobenthos share this food source with older perch that are non-piscivorous, which reduces GRs and delays the switch to piscivory. This situation, where competition with both older perch and roach occurs, has been termed the juvenile bottleneck (Persson & Greenberg, 1990b) . Early piscivory could be a reason for the discrepancy between the juvenile bottleneck model of Persson & Greenberg (1990b) and the perch-dominated fish community in a eutrophic lake in the present study. Low numbers of zooplankton and high numbers of fish larvae suitable as prey are the main prerequisites for 0+ perch to switch to piscivory (Mehner et al., 1996) . This situation may have occurred in Lake Speldrop early in the summer of 1999, when the population densities of Chaoborus and D. pulicaria declined. The perch catches in the littoral zone shortly after this decline (31 May) did indeed point to early piscivory. Perch >28 mm fed on bream larvae between June and July 1999 and grew at a mean rate of 1.2-1.4 mm day )1 (Fig. 3) , close to the maximum rate observed in laboratory conditions (1.5 mm day )1
). At the end of July, the cohort of large 0+ perch maintained these high rates, suggesting that they were large enough (predator-prey size difference greater than about 50%) to feed on bream. The low GRs of only about 0.5 mm day )1 from the end of July onwards are consistent with the lack of 0+ bream in the stomachs of 0+ perch, probably resulting from bream exceeding the critical size difference relative to perch and from the overall low numbers of bream in the littoral zone of the lake (Fig. 2) . Growth of 0+ perch in Lake Speldrop was extraordinarily high in 1999 in comparison to other European lakes (Thorpe, 1977) , with a mean length of about 125 mm reached by the end of the growing season. A total length of perch >100 mm in the first year of life has been observed in the field only twice, for perch feeding on mysids (Houthuijzen et al., 1993) and for perch held in aquaculture (Thorpe, 1977) . Given that maximum GRs of perch larvae feeding on zooplankton is 0.6 mm day )1 (Byströ m & Garcia-Berthou, 1999 ), the GR of 1.4 mm day )1 in Lake Speldrop points to a high degree of piscivory, a conclusion that is corroborated by the proportion of 0+ bream in the stomach of 0+ perch ranging from 0 to 60% (mean 35%) between 1 June and 20 July 1999. The broadening and eventual separation of the unimodal cohort of 0+ perch by the end of July has been previously documented in 0+ piscivorous fish such as zander (Van Densen, Ligtvoet & Roozen, 1996) , walleye (Stizostedion vitreum Mitchill; McIntyre, Ward & Swanson, 1987) and yellow perch (Perca flavescens Mitchill; Post & Prankevicius, 1987) , but not for Eurasian perch. Bimodal distributions are normally attributed to fast-growing piscivorous and slower-growing planktivorous individuals (DeAngelis & Coutant, 1982; Van Densen, 1985; McIntyre et al., 1987) . The same mechanism apparently applied to the two cohorts of 0+ perch in Lake Speldrop. Only the fast-growing large perch had preyed on fish at the end of July, with Jacob's index of selectivity revealing a positive selection for this prey category. The GR of both small and large perch after 20 July (about 0.5 mm day )1
) is in the range reported for zooplanktivorous perch by Byströ m & GarciaBerthou (1999) . This observation and the similar relative stomach fullness of small and large perch indicate that inter or intraspecific competition for food was low in mid-summer. However, the two times higher frequency of empty stomachs in small perch in September hints that competition for food increased later in the season, conceivably resulting in an increasing size-dependent mortality of the small perch cohort (Lundberg & Persson, 1993) and, ultimately, the disappearance of this cohort from the gill-net catches in October. Increasing predation pressure by larger piscivorous fish, perch in particular, may also have contributed to the disappearance of the smaller cohort, because the decreasing numbers of 0+ bream may have exacerbated mortality rates of 0+ perch. Although the stomach content of older perch was not analysed in 1999, high numbers of 0+ perch were indeed found in the diet of older perch in 2000 and 2001 (P. Beeck, unpublished data).
The lack of piscivory in 0+ perch on 23 and 24 June (Fig. 4) appeared not to be related to the availability of zooplankton, whose density was relatively low at that time (Fig. 1b) . The lack of piscivory coincided, however, with a low water transparency in the lake (Fig. 1a) . The effect of transparency on predator-prey interactions has been extensively discussed and some studies have shown decreasing antipredatory behaviour with decreasing transparency (Gradall & Swenson, 1982; Gregory, 1993) . Furthermore, the mortality of prey fish in turbid waters is skewed towards smaller individuals (Abrahams & Kattenfeld, 1997) , and the reactive distance between predator and prey declines (Miner & Stein, 1996) . Thus, low transparency and the lack of piscivory in Lake Speldrop may well have impeded piscivory by 0+ perch on 23 and 24 June.
The mechanisms that normally structure fish communities in eutrophic lakes may not have worked in Lake Speldrop for the following reasons: (1) The time lapse between spawning times of bream and perch (estimated at about four weeks) ensured a high abundance of 0+ bream of suitable length to serve as prey for 0+ perch, which together with decreasing Chaoborus and zooplankton densities led to early piscivory, (2) the steep slope of the banks resulted in a littoral zone too small to act as a refuge and feeding ground for juvenile fish (Tonn, Paszkowski & Holopainen, 1992; Diehl & Eklö v, 1995) and (3) the high water transparency compared with other shallow eutrophic lake promoted a shift in the diet of the optically foraging perch from invertebrates to fish prey early during ontogenesis (Eklö v & Diehl, 1994) . High GRs of 0+ fish can promote early maturation (Spanovskaya & Grygorash, 1977) , allowing these fish to spawn earlier than their smaller competitors. Although male perch do not normally mature before age 1 (Thorpe, 1977) , all male 0+ perch in Lake Speldrop were mature by the end of the growing season, suggesting that early piscivory may promote early maturation.
The results of this study suggest that the lack of recruitment of cyprinids and, thus, the structure of the adult fish community of Lake Speldrop was the result of intense predation pressure exerted by 0+ perch (cf. Polis & Holt, 1992) .This finding may add an important facet to biomanipulation. In several studies, an increase in 0+ zooplanktivorous cyprinids has been observed following the reduction of adult cyprinid fish by biomanipulation (Meijer et al., 1995; Bergman Hamrin & Romare, 1999) . Reduction of all planktivores is important, however, to ensure persistently intense grazing on phytoplankton and thus improve water quality in the long term (Benndorf, 1990) . Fostering early piscivory of 0+ perch is therefore likely to stabilise the effects of biomanipulation over longer periods.
